Telemedicine consultations in remote intensive care units (ICUs) overseas were found to be effective in reducing mortality and hospital length of stay (LOS). In Australia, there were anecdotal reports of these clinical outcomes. This retrospective before and after study assessed the improvement in patient outcomes with the implementation of a telemedicine program in a regional high dependency unit. Daily virtual consultations were conducted between the rural facility and the intensivists at the regional centre. A total of 525 patients received intensive care support between 2010 and 2015. Hospital and High Dependency Unit mortality showed no evidence of significant differences between the telemedicine group and the baseline (relative risk 1.02, 95% confidence interval [CI] 0.99-1.06, P=0.25 and relative risk 1.00, 95% CI 0.98-1.03, P=0.67 respectively). The hospital LOS was lower in the baseline group by 1.5 days. There was no significant difference in High Dependency Unit LOS. To adjust for the covariates in LOS, log linear regression analysis was performed. The telemedicine intervention, Acute Physiology and Chronic Health Evaluation II scores and inter-hospital transfers were found to contribute significantly to hospital LOS. The most important result of the study was that the proportion of inter-hospital transfers was lower in the telemedicine group (relative risk 0.88, 95% CI 0.80-0.98, P=0.03) compared to baseline. This means that critically ill patients in our regional centre can continue to receive specialist care remotely through tele-ICU consultations thus avoiding the need for patient transport. However, further study is needed to establish the benefits and risks of telemedicine intervention in ICUs in Australia.
The demand for high intensity care is rising across the globe. Staffing of intensive care units (ICUs) with physicians and nursing personnel trained specifically to look after critically ill patients has been shown to increase survival 1 . Closed ICUs, where there are mandatory transfers of responsibility for the care of every critically ill patient to an intensivist-led team, produce better outcomes in mortality and hospital length of stay (LOS), compared to the open model in which the intensivist co-manages some or none of the patients 2, 3 . However, the closed intensive care model is resource-driven and not every ICU is able to meet the staff demand. Telemedicine has been adopted in some areas to address the shortage of onsite trained intensivists.
Telemedicine is defined as the use of information technologies to provide and support healthcare where distance separates the participants 4 . In intensive care, telemedicine has found its niche as a supplement to the need for specialists particularly in rural and remote areas.
Observational studies in telemedicine implementation have reported a decline in ICU and hospital mortality of 23% and reduction in ICU LOS [5] [6] [7] . The appropriateness of hospital transfers of critically ill patients from small community hospitals to larger medical facilities could be an area in healthcare delivery where telemedicine consultations may be useful. There were suggestions that around 25% to 75% of these transferred patients could stay in the rural hospital and receive proper treatment with an offsite intensivist available for telemedicine consultation 8 .
In Australia, telemedicine is one potential solution to support non-intensivist consultants and junior medical staff to provide best practice care to critically ill patients. It has been reported that tele-ICU consultations resulted in a 4% decrease in hospital transfers to urban tertiary centres with associated reduction in transfer costs 9 . In Victoria, Bendigo Health initiated the use of the Virtual Trauma and Critical Care Unit (ViTCCU) as a teleconferencing tool between the Bendigo Hospital and Echuca Regional Health (ERH). The telemedicine model of care delivery is a low intensity proactive system 10 , wherein the intensivist is consulted remotely on a daily basis via a control station and mobile device. In February 2013, ERH High Dependency Unit (HDU) tele-ICU coverage commenced, providing real-time specialist consultations for their high dependency patients. The initial running cost was estimated at A$30,000 in the first year of its implementation. Unfortunately, we don't have available data on the annual operational cost of the program.
A year after the commencement of the program, we were interested in whether the telemedicine implementation made significant differences in clinical outcomes. In addition, no observational cohort studies that evaluated the impact of tele-ICU coverage in Australia existed in the literature.
The aims of the project were to determine the effectiveness of tele-ICU coverage in terms of reduction in HDU and hospital mortality, HDU and hospital LOS, reduction in interhospital transfers and also to determine the acceptability of telemedicine application to a rural hospital's medical and nursing staff.
Methods
After approval from the hospital ethics committee (Ref. No.: LNR/14/BHCG/1), retrospective charts of pre-telemedicine patients admitted in ERH-HDU from 1 January 2010 to 31 December 2012 were reviewed. Patient data were prospectively collected in the telemedicine group from 11 February 2013 to 28 February 2015. Admission, discharge, clinical and laboratory data were obtained from the health information system of the hospital. The Acute Physiology and Chronic Health Evaluation (APACHE) II scores were calculated from demographic, physiologic and laboratory data within the first 24 hours of admission. The measure of severity of illness and predicted risk of death were obtained from the Australian and New Zealand Intensive Care Society (ANZICS) AORTIC database software. The observed mortality, LOS and hospital transfer rates for the two groups were compared.
Study setting
The Bendigo Hospital ICU is a 12-bed regional facility in Victoria that is capable of high standard critical care support such as mechanical ventilation, continuous renal replacement therapy and invasive haemodynamic monitoring 11 . ERH is a 67-bed hospital with a 3-bed HDU. The daily management of the unit is the responsibility of accredited general practitioners as visiting medical officers, and nursing staff with appropriate high acuity training in critical care. The resident medical officers assist the visiting medical officers and are responsible for consulting with the Bendigo Hospital ICU team on all patients admitted to the unit through a videoconferencing module (ViTCCU). The ViTCCU program uses a video-linked platform called Polycom® HDX® Practitioner Cart® (Polycom Inc., San Jose, CA, USA) and is deployed to the wide area network with a maximum speed of 100 megabytes per second. The telemedicine module is a low intensity reactive system where the remote facility will initiate the video-link to the offsite intensivist via telephone notification at a daily predefined time.
Participants
Patients above 18 years of age who required intensive care support and had LOS of more than four hours in the ERH-HDU were included. Patients who remained in the hospital more than 30 days were excluded to avoid outliers, which might have undue influence on LOS data.
Outcome measures
Outcome measures were unadjusted and risk-adjusted HDU and in-hospital mortality, HDU and hospital LOS, and inter-hospital transfers of patients between the telemedicine intervention and the baseline pre-telemedicine groups. A five-point Likert scale survey was also conducted to determine the acceptability of the telemedicine program among hospital personnel.
Data analysis
Descriptive statistics were presented as mean (±SD [standard deviation]) for continuous variables and the differences in means were analysed using independent samples t-tests. Chi-square tests were used to assess the association between mortality and categorical variables; namely tele-ICU, gender and chronic health conditions. To estimate the mortality risk, we obtained the relative risk and 95% confidence intervals (CI). To adjust for potential confounders and determine the effect of tele-ICU on each of the outcomes, multiple logistic and linear regression models were constructed. The identified covariates were age, gender, chronic disease and APACHE II scores. We log-transformed the data because of skew in the LOS distributions. A Hosmer and Lemeshow test was used to assess the fit of the logistic model and the C statistic to assess the strength of the fit.
A survey of the healthcare providers' satisfaction in the conduct of the telemedicine consultation and overall acceptability of the program was conducted. A five-point Likert scale was used to examine the level of satisfaction from 1 (extremely dissatisfied) to 5 (extremely satisfied). Satisfaction of care between medical and nursing staff was analysed using the Mann-Whitney test. All P values <0.05 were considered as evidence of statistically significant differences between the baseline and tele-ICU groups. Statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc.) and SPSS version 23.
Results

Patient characteristics
A total of 525 patients were included in the study, 188 and 337 in the tele-ICU and baseline groups, respectively. Thirteen patients were excluded due to HDU LOS of less than four hours and three with more than 30 days of hospital stay. The clinical characteristics of the patients are presented in Table 1 . The mean age, APACHE II scores and predicted mortality rate were all significantly higher in the tele-ICU group. Approximately 60% were males. The median time to first tele-ICU consultation from the time of admission in the HDU was nine hours. Around two-thirds of patients in both groups presented with critical cardiac or respiratory illness. The remaining patients were admitted with sepsis or trauma, or were elective postoperative surgical cases requiring high dependency care. There was equal distribution of chronic background disease between the groups.
Effects of telemedicine in intensive care
The effects of telemedicine implementation were compared to the baseline by analysing the mortality and LOS data ( Tables 1 and 2 ). There was a significant difference in hospital LOS (4.0 versus 5.5 days; P=0.0002) while we found no evidence of difference in HDU LOS between the baseline and telemedicine group. There were no statistically significant differences in the proportions of HDU, hospital and total mortality. The crude and adjusted mortality rates are shown in Table 3 . Age and APACHE II scores were considered as risk factors in the association of tele-ICU and reduction in mortality rates. After adjusting for these confounders, the mortality risk in HDU, in-hospital and total mortality didn't reveal significant differences between those who received telemedicine consultations and those who did not. The Hosmer and Lemeshow test has shown that the model provides a good fit in predicting the mortality risk. The C statistic was from 0.81 to 0.90, indicating excellent discrimination. Interaction terms were created between tele-ICU and the covariates to test for effect modifications. None of the variables were found to modify the effect of telemedicine intervention on mortality outcomes.
To adjust for the covariates in LOS, log-linear regression models were constructed: log (LOS) = α + β 1 Tele-ICU + β 2 APACHE II + β 3 Transfer + β 4 Death + ε where α is the intercept, the β 1 -β 4 coefficients measure percentage changes in LOS due to unit changes in the independent variables Tele-ICU, APACHE II, Transfer or Death and ε is the residual term.
The model showed that APACHE II scores, inter-hospital transfer, deaths and telemedicine intervention contribute significantly to the LOS ( Table 4 ). The relative risk and coefficients of HDU and hospital LOS indicate that for every one-unit increase in APACHE II score, the LOS increased by 2% and 4% respectively, on average. Similarly, for interhospital patient transfers, the HDU and hospital LOS was lower by 34% and 56% compared to the non-transferred patients respectively. Patients who died within the hospital had 42% shorter HDU LOS (P=0.006) compared with patients who did not, but hospital LOS was not significantly different. Unexpectedly, patients in the telemedicine intervention group had a 17% increase in hospital LOS compared to the baseline (P=0.04). There was no evidence of association between HDU LOS and telemedicine intervention.
The proportion of inter-hospital transfers was significantly lower in the telemedicine group and this corresponds to a 12% risk reduction in inter-hospital transfer. Around 5% of patients died in their respective hospitals out of the 151 that were retrieved by the ambulance services from ERH-HDU between 2010 and 2015. The proportion of transferred patients who died was significantly higher in the tele-ICU group (11.6% versus 2.8%, P=0.03). For both groups, the most common reason for transfer was cardiovascular instability. The majority of patients were transferred to Bendigo Hospital, in Bendigo, or to Austin Hospital or St Vincent's Hospital, both in Melbourne.
A survey of the acceptability of the telemedicine program was conducted among ERH-HDU personnel. There were 12 survey questions that specifically asked for the quality and acceptability of the telemedicine experience based on a five-point Likert score (Table 5 ). We had 16% (40/256) of surveys returned in the two-year study period. The overall assessment of the respondents on the quality of the telemedicine services was satisfactory to their perceived level of care (strongly agree=60%, agree=37.5%, Figure 1) . The patient and doctor interactions during telemedicine consultations were viewed as satisfactory by the responders (strongly agree=67.5%, agree=27.5%). There was general agreement in the acceptability of telemedicine in its role in assisting the staff in the delivery of critical care services (strongly agree=67.5%, agree=27.5%). The staff strongly agree that they would like to utilise telemedicine resources again if the need arises.
Discussion
The demands for critical care support will continue to rise due to the increasing population, life expectancy and burden of chronic disease. The finite supply of intensive care specialists and reduction in the number of medical trainees in the regional areas are the vexing issues that confront the staffing of ICUs 12 . Telemedicine programs offer the potential of bridging the staff gap, particularly in areas where onsite specialists are not available. Observational studies of both single-and multicentre telemedicine implementation trials are inconsistent in showing benefit of the effect of this technological intervention in clinical outcomes 13, 14 .
In this single-centre (pre/post) study of telemedicine utilisation, there was no statistically significant reduction in mortality and HDU LOS. However, there was a reduction in inter-hospital transfer rates without any evidence of worse patient outcome and a longer hospital LOS in the telemedicine group. The overall lack of effect of tele-ICU on mortality and LOS are worth exploring further. The low mortality rates of both groups could make it difficult to detect a statistically significant difference (or there may just not be a difference). The ERH-HDU is able to manage critically ill patients with single organ failure, but higher acuity patients need to be transferred to larger centres. This limitation in care provision at ERH-HDU therefore artificially lowers mortality prevalence. We can be pragmatic though that even if the observed reduction of 2.0% in total mortality is not statistically significant, it is potentially clinically important in that the number of deaths per 100 patients was halved (adjusted relative risk=0.5). To minimise the effect of detection or selection biases we have used regression analysis. It is also possible that tele-ICU simply doesn't reduce the stated primary clinical outcomes, a sentiment shared by several authors on telemedicine utilisation 1, 13, 14 . The use of telemedicine in intensive care is still in its early stages; the optimal model for its use remains unclear and therefore the ability to fully assess its impact on patient care is currently difficult. Similarly, our use of tele-ICU is still being refined. However, this study provides a benchmark for further evaluation of telemedicine implementation in regional-rural ICUs in Australia. The longer hospital LOS of the tele-ICU group could be explained by a number of factors. The intervention group had higher acute severity scores and therefore were sicker compared to the baseline. However, by having access to specialist intensivist advice and support, fewer patients were transferred to other facilities, resulting in these sicker patients remaining at ERH-HDU, and therefore an increased hospital LOS.
The most important result of this study was the reduction in inter-hospital transfers similar to the previous case report 9 and the informal research of Yeo et al 8 . The 12% risk reduction in hospital transfers should also be interpreted with caution. A longer cohort study is required to determine the benefit and harms associated with inter-hospital transfer. At best, the benefit of this reduction was translated as cost savings for the hospital, estimated around A$6,000 per patient transfer. In addition, patients are able to stay close to their family and other local support networks.
The overall acceptability of the telemedicine program at ERH-HDU among medical and nursing staff needs further scrutiny. There was general agreement of acceptability of the program similar to the study by Young et al 15 , although ours may lack sensitivity because of the low turnout of respondents.
The lack of mortality benefit is in keeping with other larger studies and, although this is only a small patient cohort, the results were consistent with the currently available literature and clinically acceptable 6, 7 . The excellent discrimination of the logistic model in predicting mortality risk means that we were able to adjust the confounders that may bias the results.
There are several limitations of our study in addition to the small sample size; first, it was conducted in a single centre, so the results may not represent other regional facilities with telemedicine programs. Second, our reliance on a historical patient group as the baseline rather than using a randomised control group recruited at the same time as the telemedicine group potentially introduces historical bias. However, this is the first before and after study evaluating the effect of telemedicine intervention in a regional-rural intensive care setting in Australia and, to date, the results are encouraging, making us believe that the program is sustainable.
Conclusion
In this single-centre observational study, we did not find statistically significant differences in mortality or LOS outcomes following the use of telemedicine in intensive care. However, there was a significant reduction in hospital transfer rates. The benefit of this innovative technology needs further study with regard to cost-effectiveness, patient outcome and safety data.
